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Summary 
Low-carbohydrate diets have re-emerged into the public spotlight and are enjoying a high degree of 
popularity as people search for a solution to the population’s ever-expanding waistline. The current evidence 
though indicates that low-carbohydrate diets present no significant advantage over more traditional energy-
restricted diets on long-term weight loss and maintenance. Furthermore, a higher rate of adverse side-effects 
can be attributed to low-carbohydrate dieting approaches. Short-term efficacy of low-carbohydrate diets has 
been demonstrated for some lipid parameters of cardiovascular risk and measures of glucose control and 
insulin sensitivity, but no studies have ascertained if these effects represent a change in primary outcome 
measures. Low-carbohydrate diets are likely effective and not harmful in the short-term and may have 
therapeutic benefits for weight-related chronic diseases though weight loss on such a program should be 
undertaken under medical supervision. While new commercial incarnations of the low-carbohydrate diet are 
now addressing overall dietary adequacy by encouraging plenty of high-fibre vegetables, fruit, low 
glycaemic index carbohydrates and healthier fat sources, this is not the message that reaches the entire public 
nor is it the type of diet adopted by many people outside of the world of a well-designed clinical trial. Health 
effects of long-term ad hoc restriction of inherently beneficial food groups without a concomitant reduction 
in body weight remains unanswered. 
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Introduction 
While the concept of low-carbohydrate diets have been with us for many decades, they appear to have had a 
resurgence in recent times and are currently generating a wide-degree of public interest and media attention; 
fuelled by the rising tide of obesity and insulin resistance in the general population. There are many 
variations on just what a ‘low-carbohydrate’ diet is. The most widely used low-carbohydrate diet is the one 
advocated by Robert C. Atkins, M.D. His 1972 book Dr. Atkins’ Diet Revolution sold millions of copies 
within the first two years (1). His 1998 update, Dr. Atkins’ New Diet Revolution has sold tens of millions of 
copies world wide (2). Many of the popular low-carbohydrate diets have common recommendations in that 
they advise consuming fat as the primary macronutrient for the body, with most of the remaining energy to 
be made up from protein. Ad hoc restriction of carbohydrate may also be done by using such simple rules as 
‘no carbohydrates after 2 PM’, as a way of self-restricting dietary carbohydrate. The term ‘low-carbohydrate 
diet’ is a subjective term with different dieting approaches advocating variable quantities of carbohydrate to 
consume. For the purpose of this review, a ‘low-carbohydrate’ diet is considered to be a diet containing less 
than 60 g/d of carbohydrate with typical percentages by nutrient contribution to energy being 55-65% for fat, 
25-35% for protein and less then 10% for carbohydrate. 
 
While a low-carbohydrate diet does severely restrict carbohydrate; total protein and fat intake are only raised 
by a small degree at the cost of a decrease in the overall nutritional adequacy of the diet (3). The main 
premise of most popular low-carbohydrate diets is that a reduction in carbohydrates will result in a lowered 
basal insulin level and hence promote more triglyceride lipolysis into free fatty acids - leading to fat loss in 
overweight people. In reality, these diets work in the short term as they result in a reduction in total kilojoule 
intake which inherently leads to weight loss due to an energy deficit (4, 5). Factors that are thought to 
contribute to the greater weight loss that is consistently seen in the initial stages of a low-carbohydrate diet 
are hypothesised to be due to a combination of the satiating effect of protein, possible appetite suppression 
due to ketosis, reduced kilojoule intake due to restrictive food choices and great water and glycogen losses 
(6-8). 
 
Studies on the health implications of low-carbohydrate diets are few in number while none have examined 
the effects of this type of dieting approach for greater than 12 months in a normal adult population; which is 
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not sufficient to assess whether dieters are at risk of chronic health problems. Most of the available data to do 
with long-term safety of low-carbohydrate diets has arisen from the application of ketogenic diets in the 
treatment of paediatric epilepsy (9). The diet used in this patient group is a high-fat, adequate protein, low-
carbohydrate diet designed to mimic the biochemical changes that occur during starvation. Studies of 
children who have followed a ketogenic diet for management of epilepsy found that about 50% will continue 
on the diet for at least a year. Reasons for discontinuing the ketogenic diet were due to either a lack of 
efficacy or the restrictive nature of food choices. Common adverse events attributed to the diet include 
dehydration, gastrointestinal problems, hypoglycaemia, cognitive effects, constipation, hyperlipidaemia, 
impaired neutrophil function, amenorrhea, urolithiasis, optic neuropathy, osteoporosis and water-soluble 
vitamin deficiencies (10, 11). One study quantified adverse events in 129 paediatric patients following a low-
carbohydrate diet and found the frequency of some common complications were: dehydration (46.5%); 
gastrointestinal discomfort such as nausea, vomiting, diarrhoea and constipation (38.7%); hyperuricaemia 
(26.4%); hypertriglyceridaemia (27.1%); hypercholesterolaemia (14.7%); osteopenia (14.7%); infectious 
disease (9.3%); symptomatic hypoglycaemia (26.4%); and iron-deficiency anaemia (1.6%) (12). The authors 
of this aforementioned study reported that many of these described symptoms were transient and could be 
improved with conservative management. 
 
A systematic review published in 2003 examined the efficacy and safety of low-carbohydrate diets (5). 
Evaluation of 38 dietary intervention studies where intake of carbohydrate was ≤ 60 g/d concluded that there 
was insufficient evidence to make recommendations for or against this diet. The authors of the study also 
concluded that weight loss on low-carbohydrate diets is predicted by kilojoule intake, diet duration, and 
baseline weight, but not by carbohydrate content. Constraints of the review were the limited number of trials 
(n=5) that evaluated the efficacy of these diets for greater than 90 days. Lower-carbohydrate diets were not 
associated with adverse effects on serum lipids, fasting serum glucose or blood pressure although due to the 
small number of studies published at the time reporting on these outcomes, the systematic review lacked the 
power to detect small changes in these measures. 
 
Subsequent studies to those reviewed by Bravata et al (5) have re-examined the efficacy of low-carbohydrate 
diets on metabolic risk factors over time periods of 6 to 12 months and while not showing a superior benefit 
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over low-fat diets in terms of weight loss after 1 year, greater improvements in certain metabolic risk factors 
including triglycerides, HDL-cholesterol and insulin response have been observed (13-17). Markers apart 
from the metabolic profile need to be examined when evaluating the efficacy and safety of low-carbohydrate 
diets. Such evaluations should include an assessment of known diet-disease links taking into account the 
nutrient composition of a low-carbohydrate diet and how these relationships may relate to the short- and 
long-term health of individuals who adhere to this type of diet over months to years; such aspects will be 
examined in this review. 
 
Nutritional Adequacy 
Low-carbohydrate diets are at greater risk of being nutritionally inadequate as they recommend restriction of 
food choices. Typically, low-carbohydrate diets are low in fibre, thiamin, folate, potassium, calcium, 
magnesium, iron, and vitamins A, E, and B6 (4, 14, 17). Low-carbohydrate diets are also usually higher in 
saturated fat and cholesterol with protein mainly being derived from animal sources (4). Some popular low-
carbohydrate diets recommend that participants take a daily multivitamin supplement and this advice would 
seem sensible to help protect against the risk of micronutrient deficiencies. 
 
Comparison of a range of popular diets has revealed that low-carbohydrate diets (defined as less then 30% of 
energy from carbohydrate) fared worse in terms of dietary adequacy (as defined by the amount of inclusion 
of the five major foods groups and alignment with the U.S. Dietary Guidelines) (3). The study gave a rating, 
known as the Healthy Eating Index (HEI), to the different dietary types: high-carbohydrate diets received a 
HEI score of 82.9 (highest possible score is 100) which was the highest score recorded for the range of diets 
analysed while low-carbohydrate diets received a score of 44.6 (the lowest recorded score in the study). 
 
An interesting finding from the aforementioned study was that people who followed a low-carbohydrate diet 
had the highest BMI. A consumer health and dieting survey also found that people who reported that they 
were on a carbohydrate-reduced diet were more likely to be obese, have diabetes, high blood pressure and 
have high cholesterol compared to those not following a low-carbohydrate diet (18). Such cross-sectional 
findings in no way provide evidence for a cause-and-effect relationship between dieting practices and BMI 
and health, but likely describe the type of person that may try a low-carbohydrate dieting approach. Further 
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characterisation of population groups that follow a low-carbohydrate diet, and their reasons for doings so, 
would be of great interest. 
 
There is a paucity of longitudinal studies evaluating successful long-term weight loss with different dieting 
strategies. The U.S. National Weight Control Registry, which compiles details of individuals who have 
successfully lost more than 13 kg for a year or more, analysed the dieting strategies of 2,681 members since 
the registry was first established in 1994 (19). Entry into the database is voluntary and self-reported and 
requires the registrants to have already successfully lost the weight and kept it off before they can register. It 
was found that less than 1% of these successful people had followed a diet classified as ‘low carbohydrate’ 
(defined as 24% or less total daily kilojoules coming from carbohydrate) suggesting that this type of diet is 
not realistic for the achievement of long-term weight loss. 
 
A low-carbohydrate is inherently one low in fibre-containing carbohydrate foods such as wholegrains, 
cereals and fruit. Several epidemiological studies have found that diets rich in wholegrains may protect 
against cardiovascular disease (CVD), stroke and type 2 diabetes (20). At present though, the long-term 
health effects of a low-carbohydrate diet of limited nutritional quality are unknown. Restrictive low-
carbohydrate diets are unlikely to present any serious health problems related to the nutrient composition of 
the diet as dietary inadequacy can be tolerated in the short-term to achieve weight loss goals, but 
maintenance diets should include the correct balance of micronutrients to ensure optimal health. 
 
Cardiovascular Health 
The question of if low-carbohydrate diets increase the risk of CVD is the most raised issue by researchers 
and the general public alike. Numerous studies have been undertaken evaluating the efficacy of low-
carbohydrate weight-loss diets in improving the CVD risk profile of individuals. One of the consistent 
findings reported in the literature is the ability of low-carbohydrate diets to significantly lower triglyceride 
levels (13-17, 21-24). The majority of these studies though have been of short duration (weeks to months) 
and only two have been of 12 months in duration (14, 15). In regards to cholesterol components, low-
carbohydrate diets tend to result in increases in HDL-cholesterol while the effect on LDL-cholesterol is 
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variable with most studies showing no significant difference in changes when compared to a low-fat diet. 
(13-17, 21, 22). 
 
In a randomised study evaluating a low-carbohydrate diet against a low-fat diet over 6 months in 132 
severely obese subjects with a high prevalence of diabetes and the metabolic syndrome, Samaha et al (13) 
found greater weight loss and improvements in triglycerides and insulin sensitivity in the low-carbohydrate 
group. No adverse effects on other serum lipids were seen in either group. Of note, the study design involved 
regular group nutrition counselling sessions; weekly for the first 4 weeks then monthly after this. The overall 
amount of weight loss was small (5.8 kg versus 1.9 kg; low-carbohydrate diet and low-fat diet respectively; P 
= 0.002) with a high dropout rate for both groups (33% and 47%; low-carbohydrate diet and low-fat diet 
respectively; P = 0.10). The greater amount of weight loss in the low-carbohydrate group predicted some, but 
not all, of the metabolic improvements. In a follow-up study by the same research group, it was found that 
differences in weight loss with the same cohort of subjects did not differ significantly between the two 
groups after 12 months (5.1 kg versus 3.1 kg; low-carbohydrate diet and low-fat diet respectively) yet 
favourable HDL-cholesterol and triglyceride changes were maintained in the low-carbohydrate group (14). 
 
A similar study evaluating low-carbohydrate versus low-fat dieting approaches followed 63 obese subjects 
over 12 months; however, professional contact over the course of the study was limited to replicate the 
approach used by most dieters in the ‘real world’ (15). Subjects on the low-carbohydrate diet lost more 
weight at 3 and 6 months, but the difference was not significant at 1 year (4.4% of initial body weight versus 
2.5%; low-carbohydrate diet and low-fat diet respectively). No differences between the two groups were 
seen in total cholesterol, LDL-cholesterol, blood pressure or insulin sensitivity throughout most of the study 
while greater improvements in HDL-cholesterol and triglycerides were observed throughout most of the 
study in the low-carbohydrate group. Benefits of the low-carbohydrate diet on triglycerides and HDL-
cholesterol appear greater than the benefit of weight loss alone and suggest a macronutrient-related effect of 
a low-carbohydrate diet. Attrition rates after 12 months for both diet groups were high (39% and 43%; low-
carbohydrate diet and low-fat diet respectively). The low-carbohydrate diet produced greater weight loss at 6 
months; however, the lack of positive benefit by one year, combined with the absence of significantly higher 
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levels of urinary ketones in this group after 3 months, suggests that long-term adherence to a low-
carbohydrate diet may be difficult to maintain. 
 
In a 24-week study involving 120 obese, relatively healthy hyperlipidaemic individuals, a low-carbohydrate 
diet resulted in greater weight loss than a low-fat diet (12.9% versus 6.7%) and improved outcomes in 
triglyceride and HDL-cholesterol levels while LDL-cholesterol levels remained stable (16). Both groups 
attended twice-monthly group meetings at which they received additional dietary counselling as well as 
exercise recommendations while the low-carbohydrate group received nutritional supplementation with 
multivitamins, essential oils (containing fish oil) and a herbal supplement. Dropout rates were 24% for the 
low-carbohydrate group and 43% for the low-fat group (P = 0.02). The major reason for the significant 
difference in dropout rates between the two groups was that 25% of those following the low-fat diet reported 
their reason for dropping out was because of difficulties in adhering to the meeting schedule compared with 
7% from the low-carbohydrate group who dropped out for the same reason. Three participants in the low-
carbohydrate grouped dropped out of the study because of adverse events related to either elevated LDL-
cholesterol levels or feelings of shakiness and uneasiness. Symptomatic side-effects occurred significantly 
more frequently in the low-carbohydrate group and included: constipation, headache, halitosis, muscle 
cramps, diarrhoea, general weakness and rash. The nutritional supplements given to the group on the low-
carbohydrate diet may have had some effect on the final study result as no attempt was made to correct for 
this. A study of a similar length involving 53 healthy, obese women found that a low-carbohydrate was 
superior for weight loss over 6 months compared to a low-fat diet (8.5 kg versus 3.9 kg); however, while 
improvements were seen, no significant differences were observed in blood pressure, lipids or fasting 
glucose between the groups (17). 
 
While the previously described studies reported on various blood markers for CVD risk and insulin action, 
no evaluation was made of other important health markers such as exercise performance, bone health, renal 
function or quality of life. Importantly, all of the studies have been performed with obese people so the 
benefit of such dieting approaches in otherwise health overweight individuals is unknown. Furthermore, 
while there appears to be favourable macronutrient-related changes in some lipid parameters with a low-
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carbohydrate diet, it is not possible to currently ascertain the exact contribution of macronutrient-specific 
effects due to confounding issues of greater short-term weight loss in some studies (13, 15). 
 
The changes in triglyceride and HDL-cholesterol levels seen on a low-carbohydrate diet, while good, need to 
be put in the context of the high drop-out rates on this diet; albeit on a par with the drop-out rates on a low-
fat dieting approach also. Some of the improvements in triglycerides can be explained by use of omega-3 
fish oil supplements in several of the studies while further reduction in triglycerides in subjects following the 
low-carbohydrate diet may have been magnified due to the greater initial weight loss in this group (16, 21, 
25). The clinical significance of carbohydrate-induced hypertriglyceridaemia in individuals who are 
otherwise healthy is an area of great debate and currently no firm conclusions can be made about long-term 
heart disease risk. Importantly, in many people the effect of carbohydrate feeding on triglyceride synthesis 
can be significantly diminished by weight loss, exercise and dietary restriction irrespective of the 
macronutrient composition of the diet (26, 27). 
 
One question that has not been answered by weight-loss studies is what happens to CVD risk factors when 
weight loss ends and individuals maintain an isoenergetic diet of similar macronutrient ratios. One 6-week 
study involving 20 normal weight and lipidaemic men who switched from their habitual diet to a ketogenic 
diet (<50 g carbohydrate/day), found favourable improvements in fasting triglycerides (33% decrease), post-
prandial lipaemia (28% decrease) and fasting serum insulin (34% decrease) with no significant changes in 
LDL- and HDL-cholesterol (24). Of note, in subjects with a predominance of the atherogenic small LDL 
particles, there was a significant increase in the less-atherogenic larger-diameter LDL particles. No lipid 
changes were seen in the control group and the authors suggest that the short-term application of a low-
carbohydrate diet does not have a deleterious effect on CVD risk profile. One confounding factor in this 
study was a significant weight loss of 2.2 kg in the intervention group which would predict some of the 
favourable lipid changes. A similar study performed by the same research group failed to demonstrate a 
superior benefit of a hypoenergetic low-fat diet or a low-carbohydrate diet after 4 weeks on post-prandial 
lipaemia, total-cholesterol/HDL-cholesterol ratio, fasting triglycerides, oxidised LDL and LDL subclass 
distribution (28). 
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The only long-term studies evaluating markers of CVD risk have been in epileptic children maintained on a 
ketogenic diet for management of epilepsy for periods up to 2 years. Findings were significant increases in 
atherogenic apoB-containing lipoproteins and a decrease in antiatherogenic HDL-cholesterol; however, it 
was not possible to conclude if these changes affected atherogenic and inflammatory processes (29). A study 
by Best et al (30) investigating potential cardiac complications in 20 paediatric patients on a ketogenic diet 
for management of epilepsy found cardiac arrhythmias (as defined by changes in the QT interval of an ECG) 
in three of the patients on the diet. Prolongation of the QT interval is of clinical importance due to an 
increased risk for ventricular dysrhythmia and sudden death (30, 31). Such changes in the QT interval have 
also been observed in anorexia nervosa and very-low-calorie diets for obesity; both metabolic states where 
ketosis is very likely to occur and deaths have been reported due to cardiac arrhythmias (32-34). The safety 
of low- and very-low-carbohydrate ketogenic diets needs to be explored further, especially in light of the 
lack of information on electrolyte and physiologic changes during such dieting regimes. 
 
Any diet that results in weight loss will elicit a favourable response on blood lipid parameters although 
macronutrient content (particularly saturated fat content) can have independent effects (35, 36). Low-
carbohydrate diets appear to have favourable effects on some blood lipids in the short- to medium-term while 
the effect on LDL-cholesterol is variable with two studies showing no significant improvement of LDL-
cholesterol after three months compared to a favourable lowering seen with a low-fat diet (15, 22). Studies 
conducted for longer periods of time though have failed to show significant differences in LDL-cholesterol 
changes when direct comparison is made against a low-fat diet (13-16). Low-carbohydrate dieters typically 
show increases in HDL-cholesterol which is the opposite to that observed on a low-fat diet; however, once 
weight stabilisation occurs on a low-fat diet, HDL-cholesterol levels usually increase (36). At least one study 
has shown that plasma homocysteine levels are raised on a low-carbohydrate weight-loss diet and lowered on 
a low-fat diet after 8 weeks although CRP levels fell on both diets (37). At present, the increase in HDL-
cholesterol associated with low-carbohydrate diets is of unclear benefit. 
 
The optimum diet for beneficial long-term reduction in CVD risk is currently unknown; however, the 
magnitude of weight loss, risk factor reduction and sustained long-term benefit should all be part of this. 
Published studies to date indicate that low-carbohydrate diets can be used safely for short-term weight loss 
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without adversely affecting CVD risk factors although issues of high dropout rates and non-compliance in 
studies evaluating low-carbohydrate versus low-fat diets confound a conclusive recommendation in favour of 
the safety of such a dieting approach. While risk factors such as weight and lipids are important to control, 
there are currently no long-term studies evaluating a low-carbohydrate-dieting approach in reducing primary 
measures of CVD. Larger study groups followed for periods of one year or greater are needed to further 
investigate the safety and efficacy of low-carbohydrate ad libitum diets on CVD risk factors while collection 
of data on primary CVD outcome measures are needed before definitive recommendation can be given. 
 
Diabetes 
Sustained weight loss of as little as 5% of initial body weight can have a significant impact on fasting blood 
glucose, insulin sensitivity, insulin levels, HbA1c concentrations and medication requirements of obese 
patients with type 2 diabetes. Furthermore, lifestyle changes aimed at a moderate weight loss through a 
hypoenergetic, low-fat diet plus physical activity have clearly shown the benefits of such approaches in 
reducing the progression to type 2 diabetes in obese adults at high-risk of developing the disease (38, 39). As 
yet, demonstrated efficacy of low-carbohydrate diets in achieving similar results has not been shown. While 
use of a low-carbohydrate diet has consistently shown benefits in improving insulin sensitivity both with and 
without weight loss (13, 15, 28, 40-43), the composition of dietary fat type (particularly saturated fat) in the 
diet can ameliorate some of these benefits. In one study, a 3-week isoenergetic high-fat diet (50% of energy 
fat; 35% carbohydrate) induced relative insulin resistance in healthy women compared with an isoenergetic 
low-fat diet with the detrimental finding attributed to a higher proportion of saturated fat in the high-fat diet 
(44). In controlled research studies, low-carbohydrate diets are usually higher in saturated fat content than 
habitual diets (17, 22-24, 28), but what effect this type of weight-loss approach has on diabetes control or 
development has not been investigated in well-controlled trials. Case study reports show efficacy in the 
short-term use of a low-carbohydrate diet in treating some of the metabolic consequences of type 2 diabetes; 
however, larger-scale studies are required to examine its efficacy against other weight loss approaches (41, 
42). 
 
Epidemiological data has linked high-fibre wholegrain foods and low glycemic index diets to less insulin 
resistance and a lower risk of the metabolic syndrome. In a cross-sectional study among 2,834 participants of 
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the Framingham Offspring Study, eating three-or-more servings of wholegrain foods a day was associated 
with lower insulin resistance and a reduced risk of the metabolic syndrome, with cereal fibre accounting for 
most of the wholegrain effect (45). While no direct evidence can be found linking a low-carbohydrate diet to 
greater risk of developing diabetes, the diet is one inherently low in fibre-containing carbohydrate foods such 
as wholegrains and cereals. While weight loss will undoubtedly reduce risk of diabetes, a sustained dietary 
approach that is deficient in ‘disease-preventing nutrients’ such as fibre, and does not have evidence for 
long-term adherence, may ameliorate some of the weight-loss benefits. 
 
One of the central theories of a low-carbohydrate diet is that restricting carbohydrate intake will help 
modulate insulin levels. Investigations examining the insulin response to whole foods has shown though that 
protein foods such as meat and fish can elicit a greater peak insulin concentration than white pasta (46). 
Long-term adherence to a low-carbohydrate diet, coupled with elevated amounts of protein as a major 
macronutrient results in increased hepatic glucose production and decreased peripheral glucose utilisation, 
both indicative of an insulin resistant state (47, 48). Although more study in this area is needed, early 
findings suggest that higher fasting-glucose production, decreased suppression of hepatic glucose output and 
enhanced gluconeogenesis from a diet high in protein all potentially increase the demand on basal and post-
prandial insulin release from the pancreas and may in fact hasten the onset of diabetes in susceptible 
individuals due to pancreatic beta cell failure (49, 50). In contrast, the use of high-protein, hypoenergetic 
weight-loss diets (as opposed to high-protein, isoenergetic diets) in the management of type 2 diabetes has 
shown comparable results to reduced-fat diets in terms of improvements in metabolic parameters such as 
blood glucose, lipids and insulin response as well as overall weight loss (13, 41, 42, 51). Although no reports 
exist in the literature of adverse events with the use of a low-carbohydrate diet for weight loss in type 2 
diabetes, medical monitoring and medication review of insulin and oral hypoglycaemic agents would 
certainly be indicated to pre-empt hypoglycaemic episodes. 
 
Other Adverse Effects 
Little documented information has been reported in the scientific literature about adverse effects attributed to 
a low-carbohydrate diet although common short-term side-effects often cited include constipation, fatigue, 
halitosis, headache, thirst, polyuria and nausea (4, 16, 22, 52). One study evaluating adherence to a weight-
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loss low-carbohydrate diet (<25 g/d) over 6 months found that of the 41 individuals who attended reviews: 
63% reported bad breath, 51% reported headache, 10% noted hair loss, 1 woman reported increased 
menstrual bleeding and 1 subject had moderately severe headaches for 3 months (52). Direct comparison of 
side-effects of low-carbohydrate and low-fat dieters over 24 weeks found greater adverse events in the low-
carbohydrate group such as constipation (68% vs 35%; P < 0.001), headache (60% vs 40%; P = 0.03), 
halitosis (38% vs 8%; P < 0.001), muscle cramps (35% vs 7%; P < 0.001), diarrhoea (23% vs 7%; P = 0.02), 
general weakness (25% vs 8%; P = 0.01) and rash (13% vs 0%; P = 0.01) (16). 
 
An internet-based registry has documented health problems attributed to low-carbohydrate diets in 429 
individuals (53). As of December 2003, prevalence of the most common problems reported by registrants 
were: constipation (44%); loss of energy (40%); bad breath (40%); difficulty concentrating (29%); kidney 
stones, kidney infections or reduced kidney function (19%); and heart-related and lipid problems (33%). 
Other problems of lower incidence reported in the survey included gout, gastrointestinal upsets, mood 
swings, fatigue and headaches. The data collected can not be considered a reliable estimate of true 
prevalence of adverse events of a low-carbohydrate diet in the general population as all side-effects were 
self-reported and were not subjected to verification through medical records or other methods. To provide a 
valid comparison, a similar method of data collection would need to be undertaken in individuals following a 
‘low-fat’ or similar weight-loss diet. 
 
Dropout rates from controlled studies would suggest that minor side-effects from a low-carbohydrate diet are 
not a major issue for participants when compared against similar dropout rates for a low-fat dietary approach 
(13, 15, 16). As there is a greater chance of adverse events occurring on a low-carbohydrate diet, caution 
should be exercised in recommending this style of dieting approach until it can be proven superior to other 
types of dietary interventions in maintaining weight loss and reducing primary metabolic syndrome 
outcomes. Large-scale controlled population surveys would prove invaluable in monitoring dietary 
adherence, weight loss and most importantly: side-effects and adverse events. 
 
Potential Long-Term Health Risks 
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Following a dietary plan that is restrictive of certain food groups, and whose overall nutritional quality has 
been questioned, raises the issue of potential long-term health effects that could be encountered by following 
such a dietary lifestyle for many years. 
 
Cancer Risk 
The possibility that long-term adherence to a low-carbohydrate diet could modify an individual’s cancer risk 
is an important question to pose; yet also is one of the most difficult to provide direct evidence for. There is 
strong evidence for a protective effect of fruits and vegetables in almost all major cancers afflicting Western 
society today including colorectal, breast, pancreatic, lung, stomach, oesophageal and bladder cancer (54, 
55). Fruits and vegetables contain a vast array of compounds that are implicated in providing protection 
against cancer. Substances such as antioxidants, fibre, isothiocyanates (in cruciferous vegetables), allyl 
sulphides (in onions and garlic), flavonoids, and phenols have all been linked to augmenting the body's 
protective mechanism against cancer promotion. The nature of a low-carbohydrate diet is one that is low in 
fruits, vegetables (if starchy vegetables aren’t adequately replaced with other types of low-carbohydrate-
containing vegetables) and grains thus potentially placing an individual at an increased cancer risk if the diet 
is followed long term. Furthermore, the evidence strongly suggests that it is not the consumption of one or 
two varieties of vegetables and fruit that confer benefit, but rather the intake of a wide-variety of plant foods. 
 
No studies have yet been conducted to see whether low-carbohydrate dieters have a greater risk of cancer 
though the time frame needed for this would require several decades of monitoring. One confounding issue is 
the relationship between obesity and cancer. Obesity likely has an independent effect on cancer risk with 
epidemiological evidence pointing to increased incidence of colon, breast (in postmenopausal women), 
endometrium, kidney, oesophagus, gastric, pancreas and gallbladder cancers in overweight and obese 
individuals (56). On the basis of findings from this study, it was estimated that 14% of all deaths from cancer 
in the United States in men and 20% of those in women can be linked to overweight and obesity. For any 
overweight person, losing and maintaining weight loss could be expected to have a positive impact on their 
individual long-term cancer risk regardless of what dieting approach was taken. Weight loss on a low-
carbohydrate is not superior to that achieved on a low-fat diet after 12 months (14, 15) and there is limited 
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evidence that successful long-term weight loss and maintence can be achieved through low-carbohydrate 
dieting (19). 
 
The question that remains unanswered is what risk a person will experience in following a long-term 
isoenergetic eating plan that promotes the reduction in the overall intake of fruit, grains and some vegetables. 
While it certainly is correct to state that there is no evidence that a low-carbohydrate diet increases cancer 
risk, it is also correct to state that there is no evidence that a low-carbohydrate does not increase cancer risk. 
Promoting efficacious long-term weight loss methods and dietary variety messages would seem the wisest 
approach. 
 
Bone Health 
A potential effect of low-carbohydrate diets on bone health is an important consideration as these diets have 
been hypothesised to contribute to osteoporosis risk. Observational studies and controlled trials with 
children, young adults, and the elderly all support the important role for calcium intake in building and 
maintaining bone mass and reducing bone loss (57, 58). Low-carbohydrate diets promote the restriction of 
dairy products, particularly milk and yoghurt, which are the main sources of calcium in the diet (4). As peak 
bone mass is an important factor in determining long-term fracture and osteoporosis risk, adoption of dieting 
practices that restrict calcium intake (particularly in those under the age of 30) have the potential to 
compromise the attainment of peak bone mass. No studies of low-carbohydrate diets have yet been of 
sufficient duration to measure long-term bone loss. 
 
Higher intakes of dietary protein on a low-carbohydrate diet have been postulated to have an impact on 
calcium and bone metabolism through increased calciuria (59, 60). Low-carbohydrate diets have the 
potential to generate a sub-clinical chronic metabolic acidosis (via the presence of ketone bodies in blood) 
which can then promote calcium mobilisation from bone (59-62). Barzel and Massey (59) proposed that diets 
with the potential to increase renal acid load lead to calciuria which can have adverse affects on bone unless 
buffered against the consumption of alkali-rich foods such as fruits and vegetables. Recent studies though 
appear to contradict this theory with a large-scale epidemiological study of over 900 adults showing no 
negative effect of consumption of animal protein on bone mineral density (63). Furthermore, 
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supplementation of protein intake to 1.55 g/kg/day (mostly from meat supplements) with a concomitant 
reduction in carbohydrate intake for 63 days in a healthy elderly population found no effect on urinary 
calcium excretion, but was associated with higher circulating IGF-1 (a bone growth factor) and lower levels 
of urinary N-telopeptide (a marker of bone resorption) (64). 
 
The two aforementioned studies suggest a positive benefit for bone health with higher protein intakes as 
would typically be seen on a low-carbohydrate diet - at least in an elderly population. Conflicting reports on 
the effect of animal protein on bone health could be due in part to differences in participant ages, calculation 
of protein intakes, dietary data collection problems, and anatomical sites evaluated. Diets based mainly on 
plant proteins do not appear to augment calcium loss, an effect most likely attributed to a higher phosphate 
intake (dietary phosphate has the ability to increase renal tubular reabsorption of calcium) and a lower intake 
of sulfur-containing amino acids (65). The current evidence suggests that a low-carbohydrate diet does not 
have a detrimental direct impact on bone health though dietary restriction of calcium from a reduction in 
dairy product intake should be addressed by including additional calcium food sources or the use of calcium 
supplements. 
 
Kidney Health 
A low-carbohydrate diet is by its nature a diet higher in protein and fat than a typical habitual diet (4, 13, 16, 
17, 23, 24). One question that has been raised is if a diet that is inherently higher in protein than usual dietary 
intake can affect kidney function. Previous studies of low-carbohydrate diets have not been of sufficient 
duration to evaluate their potential to affect kidney function. Recent observational data from 1,624 
participants in the Nurses’ Health Study has linked diets high in protein with reduced kidney function over 
time (66). In this study, women who began the study with mildly decreased kidney function showed a 
worsening with increasing protein intake. Those women with healthy kidney function at the outset showed 
no signs of deterioration. The limitations of the study were that dietary protein intake was only assessed at 
two time points and participants were not randomised to follow specific diets so other dietary or lifestyle 
factors could be involved. If there is a link between higher protein intakes and kidney health, how significant 
could this issue be? One estimate puts the number of adults in the United States already having sub-clinical 
reduced kidney function at 25%, with the percentage considerably higher for those over forty or who have 
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hypertension (67). One prospective study conducted over 6 months found that moderate changes in dietary 
protein intake (25% of energy versus 12%) caused adaptive changes in renal size and function without any 
measurable adverse effects suggesting that individuals without pre-existing impaired renal function can 
likely tolerate a higher protein intake of a low-carbohydrate diet (68). 
 
Most studies evaluating the efficacy and safety of low-carbohydrate diets have primarily focussed on 
markers of CVD and diabetes risk. Future studies involving low-carbohydrate diets need to assess kidney 
function to ascertain if population groups likely to follow low-carbohydrate diets for long-term weight loss 
and maintence are at risk of hastening kidney damage. For individuals with diagnosed pre-existing impaired 
kidney function, a low-carbohydrate would not be advised. 
 
What Message does the Public Receive? 
Most of the data to do with the efficacy and safety of low-carbohydrate diets has come from scientific trials 
using combinations of pre-determined diet types and counselling along with measuring defined parameters 
such as weight loss and blood markers of CVD risk. One question that has not been addressed in the 
scientific literature is how does the general public perceive these diets and what dieting approaches do they 
adopt? Investigating the efficacy and safety of diets in a controlled scientific study may be far removed from 
what the general population in fact is doing when they ‘go on a low-carbohydrate diet’. 
 
Information on the public’s view of low-carbohydrate diets is scarce and has mostly been collected by 
private marketing firms, but the data does provide some interesting insights. Market research firm NPD 
Group (New York, USA) surveyed the eating habits of 11,000 adults in the United States from 2001 to 2003. 
NPD found that adults who stated that they were ‘cutting carbs’ to help lose weight were eating on average 
128 g of digestible carbohydrate per day, which is much higher than what most common low-carbohydrate 
diets recommend (18). Only 25% of the respondents who were actively reducing carbohydrates in their diet 
were doing so at a level consistent with recommendations made by many popular low-carbohydrate diets. 
Based on the survey results it was estimated that at any one time, 4% of the American population are 
following a low-carbohydrate/high-protein diet. Findings from the same survey found that those people who 
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reported that they were on a carbohydrate-reduced diet were more likely to be obese, have diabetes, high 
blood pressure and have high cholesterol when compared to those not following a low-carbohydrate diet. 
 
Another survey conducted by NPD Group found that the most popular type of diet was in fact a self-styled 
one where individuals modified several different types of diets to meet their own needs (69). Twenty-five 
percent of the population had tried a self-styled diet with 7% currently following one at the time of the 
survey. The Atkins’ Diet was the next most popular diet with 17% of the population having tried it at some 
stage and with 4% currently following it. 
 
Supporting these findings was market research data collected by Opinion Research Corporation (New Jersey, 
USA) commissioned by the Partnership for Essential Nutrition who surveyed 1,017 adult Americans about 
their dieting habits (70). Of those trying to lose weight, 19% were doing so by primarily reducing 
carbohydrates, which equated to approximately 9% of the population following a low-carbohydrate diet at 
any one time. Many of the people surveyed showed a poor understanding of what the carbohydrate content 
of a variety of foods was and believed that low-carbohydrate diets could help them lose weight without the 
need to reduce the kilojoule content of the diet. Foods that people were increasing in their diet when 
following a low-carbohydrate diet were steak, bacon and ham while foods that were reduced included fruits, 
vegetables, wholegrains and many low-fat dairy foods. Other findings from this survey were that 36% of 
people believed that restricting carbohydrate consumption reduces the risk for cancer and 45% believed that 
low-carbohydrate diets were good for the heart. 
 
Current popular commercial low-carbohydrate diets are now advocating including plenty of high-fibre 
vegetables, fruit, low glycaemic index carbohydrate sources and choosing healthier monounsaturated and 
polyunsaturated fats over foods high in saturated fats. Drinking plenty of water and taking a general vitamin 
and mineral supplement is also recommended on these diets. Such advice seems wise and provides for a 
healthier diet closer to general nutrition guidelines rather than a ‘meat, cheese and eggs’ diet that many 
people think is synonymous with a low-carbohydrate dieting approach. Results from consumer surveys 
though indicate that the low-carbohydrate diet message is being misconstrued by the general public. Many 
people are in fact following self-styled diets while there is a suggestion that many people are just receiving 
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the ‘carbohydrates are bad’ message and are cutting back on good carbohydrate sources such as wholegrain 
foods and fruits. Such trends across a large population raise the concern of a rise in the incidence of long-
term health problems such as cancer, diabetes and heart disease – diseases where high intakes of wholegrain 
foods, fruit and fibre have shown to be protective (20, 45). Low-carbohydrate diets are low in fibre and even 
though some of these popular diets recommend the use of fibre supplements to counter this, the protective 
effect of foods high in fibre are related to not just their fibre content. 
 
Conclusion 
Low-carbohydrate diets are often promoted as being superior for weight loss yet the evidence demonstrates 
that weight loss on such a diet is not superior to traditional dieting practices after 6 months. Furthermore, 
limited evidence suggests that long-term adherence to such an eating plan for weight maintenance is difficult 
and comes at the cost of the overall nutritional adequacy of the diet unless strict attention to such issues are 
undertaken by the dieter. Low-carbohydrate diets are likely effective and not harmful in the short-term and 
may have therapeutic benefits for weight-related chronic diseases, but longer-term efficacy has not been 
tested. In individuals with obesity, insulin resistance, and elevated triglycerides, the short-term benefits of a 
low-carbohydrate diet may outweigh any risks. Conversely, in individuals with elevated LDL-cholesterol, 
nutritional deficiencies, or with renal disease, the risks may outweigh the benefits. Furthermore, even though 
a low-carbohydrate diet has shown efficacy in favourably modulating some blood markers of CVD risk, 
restriction of fruits, grains and fibre may have an independent effect on risk. 
 
It remains to be determined if the positive metabolic changes that occur with low-carbohydrate diets translate 
into improved macro- and microvascular outcomes in those individuals ‘at risk’. The studies conducted so 
far show a higher rate of adverse side-effects from the diet hence long-term studies are needed to assess 
CVD risk factors and adverse events in both obese individuals exhibiting signs of the metabolic syndrome 
and otherwise healthy moderately overweight individuals. Such studies should also monitor other parameters 
such as kidney function, diabetes risk factors, exercise ability, dietary compliance and nutritional 
deficiencies. For those at risk of CVD or who have diabetes, embarking on a low-carbohydrate diet should be 
done under medical supervision where monitoring of lipids and hypoglycaemia risk (if the person is using 
insulin or oral hypoglycaemic agents) can be done. 
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Practical advice for those following a low-carbohydrate diet should promote the reduction of refined, 
‘nutritionally deplete’ carbohydrate foods, but still encourage the inclusion of fruit and high-fibre 
carbohydrate sources. Replacing foods high in saturated fat with monounsaturated or polyunsaturated fat 
sources would also seem sensible. While new commercial incarnations of low-carbohydrate diets are now 
promoting these types of dietary changes, this is not the message that reaches the entire public hence the 
onus of promoting sensible health messages should be undertaken by the promoters of such diets as well as 
by doctors, nutritionists and also in public health education messages. 
 21
References 
 
1.  Atkins RC. Dr. Atkins' Diet Revolution. New York, NY: Avon Books, 1972. 
2.  Atkins RC. Dr. Atkins' New Diet Revolution. New York, NY: Avon Books, 1998. 
3.  Kennedy ET, Bowman MC, Spence JT, Freedman M, King J. Popular diets: Correlation to health, 
nutrition, and obesity. J Am Diet Assoc 2001; 101: 411-420. 
4.  Freedman MR, King J, Kennedy E. Popular diets: A scientific review. Obes Res 2001; 9: 1S-40S. 
5.  Bravata DM, Sanders L, Huang J, Krumholz HM, Olkin I, Gardner CD, Bravata DM. Efficacy and safety 
of low-carbohydrate diets: A systematic review. JAMA 2003; 289: 1837-1849. 
6.  Astrup A, Larsen TM, Harper A. Atkins and other low-carbohydrate diets: hoax or an effective tool for 
weight loss? Lancet 2004; 364: 897-899. 
7.  Bray GA. Low-carbohydrate diets and realities of weight loss. JAMA 2003; 289: 1853-1855. 
8.  Buchholz AC, Schoeller DA. Is a calorie a calorie? Am J Clin Nutr 2004; 79 (Suppl 1): 899S-906S. 
9.  Freeman JM, Vinning E, Pillas DJ, Pyzik P, Casey J, Kelly M. The efficacy of the ketogenic diet-1998: a 
prospective evaluation of intervention in 150 children. Pediatrics 1998; 102: 1358-1363. 
10.  Tallian K, Nahata M, Tsao CT. Role of the ketogenic diet in children with intractable seizures. Ann 
Pharmacother 1998; 32: 349-361. 
11.  Ballaban-Gil K, Callahan C, O'Dell C, Pappo M, Moshe S, Shinnar S. Complications of the ketogenic 
diet. Epilepsia 1998; 39: 744-748. 
12.  Kang HC, Chung DE, Kim DW, Kimn HD. Early- and late-onset complications of the ketogenic diet for 
intractable epilepsy. Epilepsia 2004; 45: 1116-1123. 
13.  Samaha FF, Iqbal N, Seshadri P, Chicano KL, Daily DA, McGory J, Williams T, Williams M, Gracely 
EJ, Stern L. A low-carbohydrate as compared with a low-fat diet in severe obesity. N Eng J Med 2003; 348: 
2074-2081. 
14.  Stern L, Iqbal N, Seshadri P, Chicano KL, Daily DA, McGory J, WIlliams M, Gracely EJ, Samaha FF. 
The effects of low-carbohydrate versus conventional weight loss diets in severely obese adults: One-year 
follow-up of a randomized trial. Ann Int Med 2004; 140: 778-785. 
15.  Foster GD, Wyatt HR, Hill JO, McGuckin BG, Brill C, Mohammed S, Szapary PO, Rader DJ, Edman 
JS, Klein S. A randomized trial of a low-carbohydrate diet for obesity. N Eng J Med 2003; 348: 2082-2090. 
16.  Yancy WS, Olsen MK, Guyton JR, Bakst RP, Westman EC. A low-carbohydrate, ketogenic diet versus 
a low-fat diet to treat obesity and hyperlipidemia. Ann Int Med 2004; 140: 769-777. 
17.  Brehm BJ, Seely RJ, Daniels SR, D'Alessio DA. A randomized trial comparing a very low carbohydrate 
diet and a calorie-restricted low fat diet on body weight and cardiovascular risk factors in healthy women. J 
Clin Endocrinol Metab 2003; 88: 1617-1623. 
18.  NPD Foodworld (2004). Carbohydrate Consumption Patterns [WWW document]. URL 
http://www.npdfoodworld.com/foodServlet?nextpage=pr_body.html&content_id=865 
19.  Wyatt HR, Seagle HM, Grunwald GK, Bell ML, Kelm ML, Wing RR, Jill JO. Long-term weight loss 
and very low carbohydrate diets. Obes Res 2000; 8 (Suppl 1): 87S. 
20.  Liu S. Intake of refined carbohydrates and whole grain foods in relation to risk of type 2 diabetes 
mellitus and coronary heart disease. J Am Coll Nutr 2002; 21: 298-306. 
21.  Volek JS, Gómez AL, Kraemer WJ. Fasting and postprandial lipoprotein responses to a low-
carbohydrate diet supplemented with n-3 fatty acids. J Am Coll Nutr 2000; 19: 383-391. 
22.  Sondike SB, Copperman N, Jacobson MS. Effects of a low-carbohydrate diet on weight loss and 
cardiovascular risk factors in overweight adolescents. J Pediatr 2003; 142: 253-258. 
23.  Sharman MJ, Gómez AL, Kraemer WJ, Volek JS. Very low-carbohydrate and low-fat diets affect fasting 
lipids and postprandial lipemia differently in overweight men. J Nutr 2004; 134: 880-885. 
24.  Sharman MJ, Kraemer WJ, Love DM, Avery NG, Gómez AL, Scheet TP, Volek JS. A ketogenic diet 
favorably affects serum biomarkers for cardiovascular disease in normal-weight men. J Nutr 2002; 132: 
1879-1885. 
25.  Volek JS, Gómez AL, Kraemer WJ. Fasting lipoprotein and postprandial triacylglycerol responses to a 
low-carbohydrate diet supplemented with n-3 fatty acids. J Am Coll Nutr 2004; 19: 383-391. 
26.  Parks EJ, Hellerstein MK. Carbohydrate-induced hypertriacylglycerolemia: historical perspective and 
review of biological mechanisms. Am J Clin Nutr 2000; 71: 421-433. 
27.  Koutsari C, Karpe F, Humphreys SM, Frayn KN, Hardman AE. Exercise prevents the accumulation of 
triglyceride-rich lipoproteins and their remnants seen when changing to a high-carbohydrate diet. 
Arterioscler Thromb Vasc Biol 2001; 21: 1520-1525. 
 22
28.  Volek JS, Sharman MJ, Gómez AL, Di Pasquale C, Roti M, Pumerantz A, Kraemer WJ. Comparison of 
a very low-carbohydrate and low-fat diet on fasting lipids, LDL subclasses, insulin resistance, and 
postprandial lipemic responses in overweight women. J Am Coll Nutr 2004; 23: 177-184. 
29.  Kwiterovich PO, Vining EPG, Pyzik P, Skolasky R, Freedman JM. Effect of a high-fat ketogenic diet on 
plasma levels of lipids, lipoproteins, and apolipoproteins in children. JAMA 2003; 290: 912-920. 
30.  Best T, Franz D, Gilbert D, Epstein M. Cardiac complications in pediatric patients on the ketogenic diet. 
Neurology 2000; 54: 2328-2330. 
31.  Fisler J. Cardiac effects of starvation and semi-starvation diets: safety and mechanisms of action. Am J 
Clin Nutr 1992; 56: 230S-234S. 
32.  Moss L. Caution: Very-low-calorie-diets can be deadly. Ann Int Med 1985; 102: 121-123. 
33.  Sours H, Frattali V, Brand C, Feldman R, Forbes A, Swanson R, Paris A. Sudden death associated with 
very low calorie weight reduction regimens. Am J Clin Nutr 1981; 34: 453-461. 
34.  Wadden T, Stunkard A, Brownell K. Very-low-calorie diets. Ann Int Med 1983; 99: 675-684. 
35.  Anderson JW, Konz EC. Obesity and disease management: effects of weight loss on comorbid 
conditiona. Obes Res 2001; 9: 326S-334S. 
36.  Dattilo AM, Kris-Etherton PM. Effects of weight reduction on blood lipids and lipoproteins: a meta-
analysis. Am J Clin Nutr 1992; 56: 320-328. 
37.  Noakes M, Foster P, Keogh J, Clifton P. Very low carbohydrate diets for weight loss and cardiovascular 
risk. Asia Pac J Clin Nutr 2004; 13 (Suppl): S64. 
38.  Finnish Diabetes Prevention Study Group. Prevention of type 2 diabetes mellitus by changes in lifestyle 
among subjects with impaired glucose tolerance. N Eng J Med 2001; (344): 1343-1350. 
39.  Diabetes Prevention Program Research Group. Reduction in the incidence of type 2 diabetes with 
lifestyle intervention or metformin. N Eng J Med 2002; 346: 393-403. 
40.  Bisschop PH, de Metz J, Ackermans MT, Endert E, Pijl H, Kuipers F, Meijer AJ, Sauerwein HP, Romijn 
JA. Dietary fat content alters insulin-mediated glucose metabolism in health men. Am J Clin Nutr 2001; 73: 
554-559. 
41.  Vernon MC, Mavropoulos J, Transue M, Yancy WS, Westman EC. Clinical experience of a 
carbohydrate-restricted diet: effect on diabetes mellitus. Metab Synd Rel Disord 2003; 1: 233-237. 
42.  Yancy WS, Vernon MC, Westman EC. A pilot trial of a low-carbohydrate, ketogenic diet in patients 
with type 2 diabetes. Metab Synd Rel Disord 2003; 1: 239-243. 
43.  Meckling KA, O'Sullivan C, Saari D. Comparison of a low-fat diet to a low-carbohydrate diet on weight 
loss, body composition, and risk factors for diabetes and cardiovascular disease in free-living, overweight 
men and women. J Clin Endocrinol Metab 2004; 89: 2717-2723. 
44.  Lovejoy JC, Windhauser MM, Rood JC, de la Bretonne JA. Effect of a controlled high-fat versus low-fat 
diet on insulin sensitivity and leptin levels in African-American and Caucasian women. Metabolism 1998; 
47: 1520-1524. 
45.  McKeown NM, Meigs JB, Lie S, Saltzman E, Wilson PWF, Jacques PF. Carbohydrate nutrition, insulin 
resistance, and the prevalence of the metabolic syndrome in the Framingham offspring cohort. Diabetes Care 
2004; 27: 538-546. 
46.  Holt SH, Miller JC, Petrocz P. An insulin index of foods: the insulin demand generated by 1000-kJ 
portions of common foods. Am J Clin Nutr 1997; 66: 1264-1276. 
47.  Pi-Sunyer X. Glycemic index and disease. Am J Clin Nutr 2002; 76: 290S-298S. 
48.  Phinney S, Bistrian B, Wolfe R, Blackburn G. The human metabolic response to chronic ketosis without 
caloric restriction: physical and biochemical adaptation. Metabolism 1983; 32: 757-768. 
49.  Linn T, Geyer R, Prassek S, Laube H. Effect of dietary protein intake on insulin secretion and glucose 
metabolism in insulin-dependent diabetes mellitus. J Clin Endocrinol Metab 1996; 81: 3938-3943. 
50.  Linn T, Santosa B, Grönemeyer D, Aygen S, Scholz N, Busch M, Bretzel RG. Effect of long-term 
dietary protein intake on glucose metabolism in humans. Diabetologia 2000; 43: 1257-1265. 
51.  Parker B, Noakes M, Luscombe N, Clifton P. Effect of a high-protein, high-monounsaturated fat weight 
loss diet on glycemic control and lipid levels in type 2 diabetes. Diabetes Care 2002; 25: 425-430. 
52.  Westman EC, Yancy WS, Edman JS, Tomlin KF, Perkins CE. Effect of 6-month adherence to a very 
low carbohydrate program. Am J Med 2002; 113: 30-36. 
53.  Physicians Committee for Responsible Medicine (2003). Atkins Diet Alert [WWW document]. URL 
http://www.atkinsdietalert.org 
54.  World Cancer Research Fund/American Institute for Cancer Research. Food, nutrition and the 
prevention of cancer: a global perspective. Washington DC: American Institute for Cancer Research, 1997. 
55.  Cummings JH. Diet and the prevention of cancer. Brit Med J 1998; 317: 1636-1640. 
 23
56.  Calle EE, Rodriguez C, Walker-Thurmond K, Thun MJ. Overweight, obesity and mortality from cancer 
in a prospectively studies cohort of U.S. adults. N Eng J Med 2004; 348: 1625-1638. 
57.  Heany RP. The role of calcium in prevention and treatment of osteoporosis. Phys Sports Med 1987; 15: 
83-88. 
58.  Heany RP. Nutrition and risk for osteoporosis. San Diego: Academic Press, 1996. 
59.  Barzel US, Massey LK. Excess dietary protein can adversely affect bone. J Nutr 1998; 128: 1051-1053. 
60.  Wang X, Zhao X. The effect of dietary sulphur-containing amino acids on calcium excretion. Adv Exp 
Med Biol 1998; 442: 495-499. 
61.  Breslau NA, Brinkley K, Hill KD, Pak CY. Relationship of animal protein-rich diet to kidney stone 
formation and calcium metabolism. J Clin Endocrinol Metab 1988; 66: 140-146. 
62.  Lemann Jr J. Relationship between urinary calcium and net excretion as determined by dietary protein 
and potassium. Nephron 1999; 81 (Suppl 1): 18-25. 
63.  Promislow JH, Goodman-Gruen D, Slymen DJ, Barrett-Connor E. Protein consumption and bone 
mineral density in the elderly. Am J Epidem 2002; 155: 636-644. 
64.  Dawson-Hughes B, Harris SS, Rasmussen H, Song L, Dallal GE. Effect of dietary protein supplements 
on calcium excretion in healthy older men and women. J Clin Endocrinol Metab 2004; 89: 1169-1173. 
65.  Ball D, Maughan R. Blood and urine acid base status of premenopausal omnivorous and vegetarian 
women. Br J Nutr 1997; 78: 683-688. 
66.  Knight EL, Stampfer MJ, Hankinson SE, Spiegelman D, Curhan GC. The impact of protein intake on 
renal function decline in women with normal renal function or mild renal insufficiency. Ann Int Med 2003; 
138: 460-467. 
67.  Coresh J, Astor BC, Greene T, Eknoyan G, Levey AS. Prevalence of chronic kidney disease and 
decreased kidney function in the adult US population: Third National Health and Nutrition Examination 
Survey. Am J Kid Dis 2003; 41: 1-12. 
68.  Skov AR, Toubro S, Bülow J, Krabbe K, Parving H-H, Astrup A. Changes in renal function during 
weight loss induced by high vs low-protein low-fat diets in overweight subjects. Int J Obes Relat Metab 
Disord 1999; 23: 1170-1177. 
69.  NPD Foodworld (2004). The Dieting Monitor [WWW document]. URL 
http://www.npdfoodworld.com/foodServlet?nextpage=pr_body.html&content_id=924 
70.  Opinion Research Corporation (2004). The impact of the low-carb craze on attitudes about eating and 
weight loss [WWW document]. URL http://www.essentialnutrition.org/survey.php 
 
 
